All structural protein genes as well as one of the nonstructual protein NS1 gene of four dengue virus serotype 4 (DEN 4) strains recently isolated from patients admitted to the Children's Hospital in Bangkok, Thailand in 1993, were sequenced and analyzed. Isolates from a dengue fever (DF) case, CT93-77, dengue hemorrhagic fever (DHF) grade I cases, CT93-129 and CT93-158 as well as DHF grade II case, CT93-74 were selected in this study. It was found that the DHF grade II isolate had the highest percentage sequence divergence in the PrM and M regions from the published prototype strain (Caribbean, 814669) . In all four Thai isolates, the C region had the lowest divergence, while the PrM region had the highest divergence both in nucleotide and amino acid sequence. In the whole analyzed regions, the percentage divergence ranges from 8.02-8.33% (nucleotide) and 3.97-4.90% (amino acid) respectively. Three amino acid replacements were found to be specific to the DF strain : at position 136, phenylalanine (F) instead of leucine (L) ; at position 914, phenylalanine (F) instead of serine (S) and at position 1,042, glutamine (Q) instead of histidine (H) . The mean hydrophobicity and isoelectric point value did not show significant differences in the sequenced region for all analyzed isolates. When compare to other strains from different geographical locations, four amino acid replacements were found unique to the Thai isolates. These were at position 269, isoleucine (I) instead of valine (V) ; at position 374, methionine (M) instead of valine (V) ; at position 482, threonine (T) instead of lysine (K) and position 608, threonine (T) instead of alanine (A) . Phylogenetic analysis using the M/E junction showed that DEN 4 from different geographical areas can be classsified into three genotypic groups, and the Thai isolates were divided into two genotypes.
INTRODUCTION
Dengue viruses belong to the monquito-borne flavivirus causing significant morbidity and mortality of children in tropical countries (Westaway et al., 1985a; Wengler 1991) . Dengue virus infection may be asymtomatic or may lead to illness in humans, varying from a mild form of dengue fever (DF) up to the severe form of dengue hemorrhagic fever (DHF) (Nimmannitya, 1987) , which can progress to a sudden and fatal hypovelemic shock called dengue shock syndrome (DSS) (Nimmannitya et al., 1969 , Allen, 1992 ). (Gubler, 1996) , especially causing great medical and public health problems in Southeast Asia (Halstead, 1980; Halstead, 1992) .
Each serotype of dengue virus may have strains that vary in virulence (Rosen, 1977 (Rosen, , 1986 . It is presently unknown whether specific virus genotypes are responsible for the more severe forms of the disease or for particular widly spread epidemics. Seroepidemiological studies suggest that severity of DHF/DSS may result from immune enhancement in the secondary infection by preexisting antibodies produced by preceding heterotypic infection (Halstead, 1981 (Halstead, , 1988 , or by maternal antibodies in the primary infection (Burke, 1988) . There is another possibility that the severity of diseases may be related to molecular differences of genomic structure associated with the virulence of a particular strain (Duangchanda et al., 1994; Thant et al., 1996) .
The main objectives of this study is to determine the nucleotide sequence of the whole structural (C, PrM/M, E) and NS1 gene of recent isolates of DEN 4 in Thailand, and to correlate the disease severity to the observed molecular differences.
MATERIALS AND METHODS

Virus strains
Four isolates of DEN 4 were selected out of 9 strains from the previous study (Chanyasanha et al., 1995) . These isolates were obtained from patients sera with different clinical manifestations at Children's Hospital, Bangkok, Thailand in 1993. Written consent was obtained from the patient's parents or guardians and the study protocol was approved by the ethical review research committee, established by the Ministry of Public Health, Thailand.
Isolate (CT93-77) was from a dengue fever (DF) case, 2 isolates (CT93-129 and CT93-158) were from dengue hemorrhagic fever (DHF) grade I cases and another isolate (CT93-74) was from DHF grade II case (Table 1) . Clinical severity grading and clinical diagnosis were classified according to the World Health Organization (WHO) criteria (Anonymous, 1986) . The viruses were isolated by inoculation of patients sera into Aedes albopictus clone C6/36 cell line (lgarashi, 1978) and serotypes were identified by reverse transcriptase polymerase chain reaction (RT-PCR) using type specific dengue primer pairs (Morita et al., 1991; Tanaka, 1993 Primer designed for amplifying target gene The primers for amplifying the target regions were designed with one pair for each of the C, PrM and M gene region covering 839 bases. The E protein gene, which is 1,482 bases long, was divided into 3 regions of approximately 600 bases each. The NS1 gene which is 1,230 bases long was divided into 2 regions of approximately 700 bases each. Both sense and complementary primer pairs were constructed for each region according to published sequences (Zhao et al., 1986; Mackow et al., 1987) . Oligonucleotide primers were synthesized using an Applied Biosystem DNA synthesizer (Model 392, California, USA). A schematic diagram of nucleotide sequencing strategy and DEN 4 primers for C, PrM/M, E and NS1 are shown in Figure 1 . Sequences covering the whole structural and nonstructural NS1 protein were determined from cDNA clones of six overlapping gene regions (Table 2 ) . The above mentioned primers were used to amplify the gene regions for each of the four selected strains of DEN 4 virus.
Amplifying the target gene region by RT-PCR and purification
For complementary DNA (cDNA) synthesis, 10 ,u1 of RNA samples were incubated at 65°C for 5 minutes Cloning and sequencing of dengue 4 cDNA The purified cDNA was ligated into pCRTM II vector using TA Cloning Kit (Ivitrogen, USA) and was used to transform JM-109 or XL-1 blue Escherichia coli (Hanahan, 1983) . Plasmids from the transformant colonies were isolated by the boiling method (Sambrook et al., 1989 ) and insertion was comfirmed by EcoRI enzyme digestion and PCR amplification using a pair of target primers. After confirmation, target recombinant clones were grown in 5 ml of Lubria-Bertani (LB) broth medium supplemented with Ampicillin overnight, and the plasmid DNA containing inserted gene was purified with QlAprep Spin Miniprep Kit (QIAGEN, Germany) and used for sequencing. (Felsenstein, 1993) . The statistical reliability of the phylogenetic tree were assessed using the bootstrap method, with 100 replications (Felsenstein, 1985) . The sequence from a representative of dengue serotype 3 virus was used as an outgroup to confirm reliability of the phylogenetic analysis (data not shown) .
RESULTS
Comparison of nucleotide sequences between recent isolates of four DEN 4 Thai strains and the prototype strain
The nucleotide sequences of four new DEN 4 Thai isolates and the published strain (Caribbean 814669) are shown in Figure 2 . The C region begins at position 1 until 339, followed by PrM, M, E and NS1 regions at position 340 to 612, 613 to 837, 838 to 2,319 and 2,320 to 3,552 respectively.
All four newly sequenced Thai isolates revealed nucleotide sequence homologous to the prototype strain, with the base replacements occurring mostly on the third codon resulting in silent mutations.
The nucleotide sequences in the PrM region of the four Thai isolates had the highest divergence from the prototype strain ; ranging from 9.84 to 11.36%, followed by the M and NS1 regions, with the divergence range of 8.44-9.33% and 8.03-8.52%, respectively. The C region is the most conserved as shown in Table 3 .
Comparison of amino acid sequences among the four DEN 4 isolates and the prototype strain
The deduced amino acid sequences of four DEN 4 isolates, compared to the prototype strain (Caribbean 814669) are shown in Figure 3 were compared with the prototype strain, highest amino acid variation was found in the PrM (6.59%) region, followed by the NS1 (6.32%), E (4.45%), M (4.40%) and C (1.17%) regions.
Comparison of amino acids among four Thai DEN 4 isolates in relation to the clinical severity of the disease Specific amino acid replacement among four Thai isolates in relation to the clinical severity of the disease are shown in Table 4 Table  5 . 
DISCUSSION
The nucleotide and amino acids sequences of the entire analyzed genomic regions in four Thai strains in this study differed from prototype strain, ranging equal to or lower than 8.33% and 4.90%, respectively ( One letter symbol amino acids with abbreviations : A=alanine, D=aspartic acid, F=phenilalanine, H = histidine, I = isoleucine, K =lysine, L= leucine, N = asparagine, Q = glutamine, S = serine, T = threonine, V =valine Table 5 (Table 5) . These amino acid replacements may have led to variations in the antigenicity. The mean hydrophobicity and isoelectric point value in each region had been analyzed. Both of this value in each region and whole study region, did not show significant differences (data not shown) .
The Phylogenetic tree showed that the dengue 4 isolates from different geographical ares segregated into three separate branches, suggesting the presence of three genotypes (Figure 4) . Interestingly, two isolates obtained from Indonesia were found to be closely related to the other American strains and the isolate from Tahiti.
There were two main hypotheses concerning the pathogenesis of DHF/DSS. One was that immunopathological mechanisms of hypersensitivity reaction or enhancement of virus replication resulting from secondary infection by heterotype of dengue viruses (Halstead, 1970) . On the other hand, several people suggested that virulence of infecting viruses might be related to the severity of the disease (Rosen, 1977 
